(19) 



(12) 



EUIX* l> t> : . . . it 4 * K8to itia Is » * 

European Patent Office 
Office europeen cSes brevets 

tUrtOetAN PAi 



:.^:>iUillHIII0llliB 



(11) 



EP 0 742 015 A1 



(43) DmeofpubGcation: 

13.11.1996 Bulletin 1996/46 

(21) Application number: 96106146.2 

(22) Date of filing: 05.11.1991 



(51) Int. a 6 : A61K 47/48 



(84) Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IT U LU NL SE 

(30) Priority: 06.11.1990 US 609663 
08.1 0.1 991 US 770371 



(62) Application number of the earlier application in 
accordance with Art. 76 EPC: 91 1 18822.5 

(71) Applicant: Bristol-Myers Squibb Company 
New York, N.Y. 10154 (US) 

(72) Inventors: 

• Kadow, John 
Walllngford, CT. 06492 (US) 



• Kaneko, Takushi 
Guilford, CT. 05437 (US) 

• Sertter, Peter D. 
Seattle, WA 981 02 (US) 

• Vrudhula, Vlvekartanda M_ 

- Edmonds^ WA 98026 (US) - 

(74) Representative: Patentanwalte 

Ruff, Beier, Schondorf und MQtschele 
Wllly-BrarKft-Strasse 28 
70173 Stuttgart (DE) 

Remarks: 

This application was filed on 19 - 04 - 1996 as a 
divisional appfi cation to the application mentioned 
under IN ID code 62. 



(54) Prodrugs for beta-lactamase and uses thereof 

(57) The instant invention relates to a novel method 
for the delivery of antitumor drugs to tumor cells by the 
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mase conjugate that binds to tumor cells, and the addi- 
tional administration of a cephalosporin prodrug that is 
converted at the tumor site, in the presence ofjhe arrti- 
body-p-lactamase, to an active cytotoxic drug. Accord- 
ing to the preferred embodiment of this invention, a 
cephalosporin mustard has been constructed which 
when cleaved by p-lactamase yields a cytotoxic nitrogen 
mustard. The methods, antibody-enzyme conjugate, 
prodrugs, pharmaceutical compositions, and combina- 
tions of this invention provide for enhanced selective Wil- 
ing of tumor cells and are thus useful in the treatment of 
cancers and other tumors. 
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Description 

Technical field 

5 The instant invention r lates generally to novel prodrugs and a method ford livering these prodrugs to a tumor cell 

6ite where they are converted to active cytotoxic agents. More particularly, the invention relates to cephalosporin prod- 
rugs, which when administered with a UjnKr^pe^k^^body^^actarnase conjugate, are converted at the tumor site 
to active cytotoxic drugs. 

10 Background 

Targeted drug delivery systems provide a mechanism for delivering cytotoxic agents directly to cancerous cells. 
The selective delivery of cytotoxic agents to tumor cells is desirable because systemic administration of these agents 
often kills normal cells within the body as well as the tumor ceils sought to be eliminated. Antitumor drug delivery sys- 

15 terns currently in use typically utilize a cytotoxic agent conjugated to a tumor -specific ant body to form an immunocon- 
jugate This immunoconjugate binds to tumor cells and thereby "delivers* the cytotoxic agent to the site of the tumor. 
The immunoconjugates utilized in these targeting systems include antibody-drug conjugates (see. e.g.. Baldwin et a).. 
Lancet, pp. 603-605. March 15. 1986) and art foody-toxin conjugates (see. e.g., Thorpe, in Monodonal Anfoodies '84: 
- Biolooical an d Clinical Applications. A. Oinchera4 ^^^d% jip 47Sr5Q6^.1B85]U 

20 Both polyclonal antibodies and monoclonal antibodies have been uflized in these immunoconjugates (see, e.g.. 
Ohkawa et al.. Cancer Immunol. Immunother. 23: 81, 1986; Rowland et aJ.. Cancer Immunol. Irnmunother. . 21: 183. 
1986). Drugs used in these immunoconjugates include daunomycin (see. e.g., Gafiego et al., Int. J. Cancer. 33: 737, 
1984; Arnon et al.. Immunological Rev.. 62: 5, 1982; mexotrexate (Endo et al., Cancer Research. 47: 1076, 1987), mito- 
mycin C (Ohkawa et al.. supra) , and vindesine (Rowland et al., supra) . Toxins used in the antibody-toxin conjugates 

26 include bacterial toxins such as ricin (see e.g., Mootten et al., Immunol. Rev.. 62: 47, 1982). 

Despite the amount of research directed towards the use of immunoconjugates for therapeutic purposes, several 
limitations involved in these delivery approaches have become apparent (Gee, e.g., Embleton, Biochem. Society Trans- 
actions. 14: 393, 615th Meeting, Belfast, 1986). For example, the large amount of drug required to be delivered to the 
target tumor cell to effect killing of the cell is often unattainable because of limitations imposed by the number of tumor- 

30 associated antigens on the surface of the cells and the number of drug molecules that can be attached to any given 
antibody molecule. This limitation has led to the use of more potent cytotoxic agents such as plant toxins in these con- 
jugates and to the development of polymer -bound antibody-drug conjugates having very high drug multiplicity ratios 
( se e t e.g., Thorpe, supra, pp. 475-506. and Baldwin et al., in Monoclonal Antibodies and Cancer Therapy, pp. 215-231. 
Alan R. Liss, Inc. 1985). However, even with the large drug loading ratios or with the use of potent toxins, many irrmu- 

35 noconjugates still display suboptimal cytotoxic activity and are unable to effect complete killing at doses where all avail- 
able antigenic sites are saturated. 

It has also been recognized that the cytotoxic activity of an imrnuncconjugats is often dependent an its uptake, 
mediated by the antibody component of the conjugate into the tumor cell (see. eg.. J.M. Lambert et al.. J. Biol. Chem.. 
260: 12G35, 1985). This internalization is crucial when using an antbcdy-oVug.conjugate in which the drug has an intra- 

40 cellular site of action or when using antibody-toxin conjugates. However, the vast majority of tumor-associated antigens 
and thus the antibody-drug or antibody-toxin conjugates bound to those antigens, are not internalized. Those conju- 
gates that are internalized are often transported to the lysosome of the cell where the drug or toxin is degraded (see 
Vitetta et al.. Science. 238: 1098, 1987). Accordingly, although an anhbody-drug or antibody toxin conjugate may have 
excellent tumor-binolng characteristics, the conjugate may nonetheless have a limited cytotoxic utflity due to an inability 

45 to reach its site of action within the cell. 

In addition, it is well established that tumor cell populations are often heterogeneous with respect to antigen expres- 
sion (see, e.g., A to ho et al., J. Exp. Med.. 154: 1764, 1981). Furthermore, it has been demonstrated that antigen-pos- 
itive tumor cells may give rise to antigen-negative progeny (see, e.g., Yen et al. J. Immunol. 126: 1312, 1981). Thus, in 
any population of tumor cells, there will be a certain number of cells that do not possess the antigen for which a partic- 

50 uiar immunoconjugate is specific. The immunoconj ugate will therefore not be able to bind to these cells and mediate 
their WBing. 

Due to these drawbacks, the currently utilized antitumor drug or toxin delivery systems have had a limited amount 
of success, especially when used for in vivo treatment 

In addition to the immunoconjugates discussed above, antibody-enzyme conjugates have been studied in vitro in 
55 combination with a second untargeted enzyme for the conversion of iodide or arsphenarrine to their toxic forms in order 
to amplify arrti body-mediated cytotoxicity (see. eg., parker et al.. Proc. Natl. Acad. Sci. USA. 72: 338. 1975; PhBpott et 

al.. Cancer Research. 34: 2159. 1974). 

According to these in vitro studies, the enzyfne. glucose oxidase, is attached to an antibody and used in combina- 
tion with an untargeted peroxidase enzyme to cpnvert iodide or arsphenamine to cytotoxic iodine or arsenical, respec- 
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weiy >,, ,. therefore, requires not only the targeting of glucose oxidase to °f^^ a *° 

Xesenca at tna tumor site of two ott*r untargeted events. The likelihood that all three of these agents wBI be 
present in vivo at the tumor site at the same time is small. 

ammoniiim ions from substrates. The ammonium ions are then said to potentiate the cytotoxic action of certain irnmu- 

^^SerTC^ofNo. 84302218.7 discloses a method for treating a diseased cel. popUation such as a 
t„nvfr vSn aTarrfbody is used t target a norwnetabolizaWe antigen to tumor cells. The anther accumUates wthm 
SSIJSSSS^^ are then lysed to release the antigen into a ubiquHoustbronechn cap- 

h nnt rnat^c^ atthe tomor site. An kxfine^ortaining ligand which is specific for and will bind to the antigen 
STtne S ministered. The cytotoxic iodine acts to M the tumor ceHs at that art ^ «WM £ £ 
2 of an^ntSdy^onjugate to target enzyme to a tumor srte and the addition of a rw^et^ substrate wNcbthe 
e^jTaZZt to a Cytotoxic materia, (see European App.icationNo. 843022ia7 pp 34*5^ H~mu»*~ 
r^hVapplication is there any disclosure of how one is perform this embod-ment S.m.larty HeHshom etal Carttritad 
nr!l SSv ^d ed). Robinson and Lee (eds.) p. 639. 1987. suggest that icfrugs which would be nontax* unbl act.- 
«at«t hv an aoerrt (eg., an enzyme) localized to a tumor may be another approach. .. 

US STh 4°975. 2 78. y hereby incorporated by reference in its entirety, pmvi des a ™**Z**£^«£ 
toxic aoerrts to tumor cells by the combined use of antibody-enzyme conjugates and prodrugs. Acoonfng to ton imven- 
Ib^^^n^T^tTsJspa^ a poorly or nontoxic prodrug 4nto an acbve cytotoxc drujns- 

^u^TT^mo ^ec^c antibody. This antbody-enzyme conjugate is administered to a tumor-beanng mamma- 
2? nSfnd ^bTneTouTtoIhe antibody specificity, to the surface of those tumor cells which possess the tumor arrtgen 
? J5, £ ar^y * s^ic. T^cX, *Ln admnistered to the host and is converted at the tumor srte by the 
action of the antfoody-bourid enzyme into a more active cytotoxic drug. ^ 
Nitrogen mustards have long been recognized as cytotoxic agents (See. e.g.. Stock, m Drvg Pesgn . EJ.. Ar.ens 
25 ed ^ » oS^.^eSc Press^ew >brk. t971 .) Benn. et a... J. Chem. Sop,. 2365 (1961) prepared a vanety 
of amSes' SclSta urethanes and ureas, from N.rWi-2^Worcetr^-para P r^y.enediam.ne that are useful for reac- 
tor^vatoutto^ctional groups that are of potential valuator the attachment of nitrogen mustards to a wrie vanety 
S itTS Attachment ofme etoctron-attracting urethane group deactivates the Nghly toxc r^ogen n^stard 
ReartJion of the nitrogen mustard at thetumor srte may occur if the urethane .s decomposed by fission of the ester 

30 ° f P MootJnS 9 ! a. u Am.Chem.Soc . t08:1685. 1986) teaches the use of p-lactamases resident in bacteria resist- 
ant to M !S» antibiotics to hydTofyze cephatosporin-toxophore derivatives to effect the release of the toxophore 

"^Mobash^y n e!al (J^ioLChsm.. 261: 7879. 1986) synthesized an antibacterial agent coring of the antibiotic 
P ept^Sa P C.^S^Sugh a C 10 ester to the cephem mdeusof ^7^^^^ 
oftoe p-factam ring by p-lactamase resident in the bacterium releases ^^^^^^"^g^L^ 
A general discussion of the chemistry of the cephalosporin ^xled ^ff^^ ggg^gf" R ^ ed 
SocietT ai 231 , 1967. and Abraham et al.. in r^ phainmorins and Penicillins; OhfMTTiStTY nnd BtPtagy , E H. Flynn. ed.. 

derivatives of cephatosporanic acid formed by the reaction of a deacyteted 

7-emho-cephalosporanic acid, where the 7-N-ocyl group is a carboxylicaad radical and the CO group is bonded to a 
carbon atom. 
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PifrrtflfWfr f* the Invention 

The present invention Is based on the discovery of novel cephalosporin-related prodrugs, capabje ^oo^onto 
arnrturrxx agents at the tumor site using a p-lactamase-antibody conjugate. The antibody .s directed against a tumor 
50 antigen present on the surface of the sped »c tumor type targeted. 
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The present invention provides cephalosporin prodrugs of the general formula (0 



c 




0 2 H 



< I > 



wherein Q is hydrogen, an amine protecting group conventionally used in cephalosporin synthesis, or the acyi group of 
a known 7-acylaminocephalosporin antibiotic; Lisa direct bond or -S^Chy,,-; R is an agent capable of exerting a cyto- 
toxic effect on tumor ceils when released from said cephalosporin-prodrug; n is 2. 3, oc4; and m is 0 or 1 with the pro--, 
viso that when L is a direct bond, m is 1 ; or a pharmaceutical ly acceptable salt thereof. 

For the purpose of the present invention, the nature of the substituent Q is not critical as the cephalosporin moiety 
serves as a carrier of the cytotoxic drug and does not contribute to the therapeutic effect of the cytotoxic drug. Thus, Q 
may be, for example, hydrogen, a protecting group commonly used in cephalosporin chemistry, or a substituent of 
known cephalosporin antibiotics. Examples of the latter include, but are not limited to, phenyl acetyl, 2-thienyiacetyi, a- 
hydroxyphenylacetyl, phenylglycyi, p-hydroxyphenylglycyl, and (2-amiro-4^azolyl)-(methoxyimino)acetyl. 

The cytotoxic compound is one having at least one functional group amenable to chemical modification to provide 
the cephalosporin prodrug. Generally, such functional groups are selected from amino, carboxyl, and hydroxy! groups 
such that the linkage between the cytotoxic agent and the cephalosporin component is of the carbamate, amide, ester, 
and carbonate types. 

In one aspect, the present invention provides as one subclass of compounds of formula (I) cephalosporin prodrugs 
of the general formula (II) in which the cytotoxic agent is linked to the cephalosporin nucleus via carbamate or amide 
group 



QNH 




CII) 



wherein Q, L, and m are as defined undo' formula (I); and NR a is a nitrogen containing cytotoxic drug; or a pharmaceu- 
tically acceptable salt thereof. 



m another aspect the present invention provides a cephalosporin-mitomycin prodrug having .. . . s -!a (lla) 




wherein Q is as defined above under formula (I) and Pf* is hydrogen or C,.3 aJkyl. 

Another embodiment of the subject invention is directed to a method for delivering a a^^tM^ 
by adhering a pharmaceutical^ effective amount of at least one an^y-p^rmseconjugate corjr«ngan 
an^tactive wSh an antigen on the surface of the tumor cells. A pliarn»ceut^ eltectve ' * 
to*^n prodrug is also administered, where the cephalosporin prodrug composes cephalosponn linked to the cytotoxc 



"^^n alternative embodiment, the present invention is directed to a method of deJiveringa =ytoto«agerttotunw 
cells wherein the antigen binding region of an antibody reactive with a S^SSSSSS 
functionally active part of p-tectamase. and is administered with a pharmaceutically effective amount of a cephalosponn 

Pf0d ln J another embodiment, the subject invention is directed to a method of treating mammalian J^*™^*^ 
the rteToVaSninistering to a mamma, a pharmaceutically effective amount of atleast one antbody-fHactamase con- 
iuoate and a pharmaceutically etiectrve amount of at least one cephalosponn prodrug 

itese aia other ernbcdiments of the present invention will readily occur to those of ordinary sk.ll in the art in view 
of the disclosure herein. 

Brief Desc ri ption of th e Figures 

Figure 1 depicts novel prodrug structures according to the instant invention. Q is phenylacetyl or thienylacetyl; n is 

1 ^Rgure 2 depicts a representative cephalosporin mustard prodrug (CM) and the conversion of this prodrug to the 
active cytotoxic agent, phenylenediamine mustard (PDM). 0 ,^^ 

R^re 3 shows kinetics of hydrolysis of CM catalyzed by crude samples of JL ^^^^^Sunou- 
Rgure 4 depicts the cytotoxicity of CM and PDM. administered alone, as compared to CM ^^1*2^ 
rified I. OH fWactamases. In 4(A). fi. CSifiiS lactamase is used whereas the expen merit deputed m 4(B) utilizes fc. 

r^uSTSows the cytotoxicity of CM and PDM. administered alone, as compared to CM administered with purified 

B ^EEIS. resuhs of an in vitro cytotoxicity assay using an Lactamase coniugated^ed wHh C£L 
Figure 7 depicts the release of adriamycin when ADR-ceph was treated wrth S^esufi p-lactamase m human 

P,S8 Flgute 3 J2ow6 the release of adriamycin when ADR-ceph was treated with Lactamase (from B^CfifflUS) conju- 
gate in human plasma at 37°C. . 0 _,„ 
Figure 9 shows the comparative stability of ADR-ceph at selected media at 37°C. 

n^lad Description 

The practice of the present invention will employ, unless otherwise indicated, conventional techniques ^ synthetic 
organ? SSSy protSn chemistry, molecular biology. mioxbiCogy. and ra^arrtDNA 
wS the skill of the art Such techniques are explained fully in the literature. See. ag S«pes. ,RK Prgg^gg- 
«nnPrincoles and Practices. 2d ed. (Springer-Vertag. 1987). »°»"v* in Fnrvmoloov (S Cotowickand N Kaplan eds.. 
ISS^SSrook ett^l^r rwntr A . agates ^»jjj*!^£!tt 
cow spring Harbor, ny. 1989. H^nrlrmK of Rroflrimfrtnl Imn^nolcgy. vote- i-iv (D^J. ^^ n c £*S*Z* i££ 
1986. Blackwell Scientific Publications): House. Mrxlprn iSynffifttiC Reactions. 2nd ed.. Benjamn /Cummings. Menlo 

ParKCei- 1972- j 
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Al patents, patent applications, and publications mentioned herein, wt y Skj&i or infra, are hereby, incorporated 
by reference in their entirety. 

A. Pc::-:yy:£ 

5 

In defining the present invention, the following terms will be employed, and are intended to be defined as indicated 
below. 

The term "prodrug" as used in this application refers to a precursor or derivative form of a pharmaceutical^ active 
substance that is less cytotoxic to cells compared to the parent drug and is capable of being enrymatically activated or 

w converted into the more active parent form. See, e.g, Witrnan, Biochem. Society Transactions. 14:375 (615th Meeting. 
Belfast. 1986); Stella et al., Directed Drug Delivery. R. Borchardt et aL, ed., 247-267 (Humana Press, 1985). The terms 
"parent drug" and "cytotoxic agent" are used interchangeably herein. 

The term "cephalosporin prodrug" as used herein refers to a prodrug generated by the linkage of a parent com- 
pound as described above to a cephalosporin as defined below. 

75 The term -p-lactamase" as used herein refers to any enzyme capable of hydrolyzing the CO - N bond of a p-iactam 
ring. The 0 lactamases are reviewed in Bush, Antimicrobia l Agents Chemother.. 33259. 1989. 

The term "nitrogen mustard" as used herein refers to a compound of the general structure RN(CH2CH 2 CI)2, where 
R may bean alky I, aryl. or aralkyt group substituted with a functional group amenable to further chemical modification, 
for example, Rn jMninn nr^a.carhoxyLgroup. Nitrogen mustards having more, than one nitrogen- atom are also included.. 

20 such that both chloroethyi groups need not be attached to the same nitrogen atom. In some nitrogen mustards, the chlo- 
rine atoms may be replaced with other halogen atoms, especially bromine. See. e.g.. Stock in Drug Desion. E. J.. 
Aliens, ed.. Vol. II. pp. 532-571. Academic Press. New York. 1971. 

The term "cephalosporin" as used herein refers to derivatives of 7-aminocephalosporanic acid having the charac- 
teristic p-lactam dihydrothiazine ring of cephalosporin C. occurring either naturally or synthetically. Examples of these 

26 derivatives and a review of the chemistry of the cephalosporins is given in Abraham. Quarterly reviews - Chemical Soci- 
ety. 21: 231. 1967. The term "cephem" is sometimes used herein to refer to a cephalosporin. The structure of cepha- 
losporin C is shown below: 




The term "cephalosporin mustard" as used herein refers to a cephalosporin as described above, wherein the 
40 cephalosporin has been derrvatized with a nitrogen mustard as described above. 

The term "cytotoxic" as used herein refers to the property of causing cell growth retardation or cell death, particu- 
larly as measured by a colony inhibition assay or 3 H-thymidine uptake assay (see. eg., Heltetrom et al.. in In Vitro Mgfei 
ods in Cell-Mediated Immunity. Bloom and Glade, eds.. 1971 , and the examples herein). 

45 B. General Methods 

The present invention relates to a novel method for the delivery of cytotoxic agents to tumor cells and provides for 
enhanced selective killing of tumor cells in the treatment of cancers, such as carcinomas and melanomas, as well as 
other tumors. - 

50 According to the method of the invention, an anttoody- enzyme conjugate is administered to a tumor-bearing mam- 
malian host. This antibody-enzyme conjugate consists of a tumor -selective antibody linked to a p-lactamase that is 
capable of converting a prodrug that is less cytotoxic to cells than the parent drug into the more active parent drug. 
When introduced into the host, the antfoody component of the conjugate, which is reactive with an antigen found on the 
tumor cells, directs the conjugate to the site of the tumor and binds to the tumor cells. The antibody thus defivers tie 

55 enzyme to the site of the tumor. A prodrug that is a substrate for the p-lactamase is also introduced into the host and is 
converted, at the tumor she. by the enzyme into an active cytotoxic drug. The drug is thus activated extracellularfy and 
can diffuse into all of the tumor cells at that site. i.e.. those cells bearing the particular tumor antigen to which the anti- 
body of the conjugate is specific and to which the antibody has bound as well as thofee cells that are negative for that 
antigen but are nonetheless present at the site of the tumor. The method of this inversion therefor overcomes the cur- 
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rent problems of tumor antigen heterogeneiii e. .- ■., ■■' tment of arrtjgentojnji^e ^temanzation associated wfth 
conventional immunoconjugate drug delivery techniques - 

Furthermore, because the present method odes not require the drug to be bound tfrecMy to the antibody and 

does not arise. In tact, the present method amplifies the number of active drug molecules present at the tumor ate 
because the antibody -oound enzyme of the conjugate can undergo numerous substrate turnovers, repeatedly convert- 
ing prodrug into active drug. Moreover, the present method is capable of releasing the .active drug speotaal *at the 
tumor site as opposed to release to other tissues. This is so because the concentration of tha enzyme at the tumor ate 
is higher than its concentration at other tissues due to the coating of the tumor cells with the anttoody-enzyme con,u- 

^The anttoody of the immunoconjugate of the invention indudes any antibody which binds specifically to atumor- 
associated antigen. Examples of such antibodies indude. but are not limited to. those which specifically « antgere 
found on carcinomas, melanomas, lymphomas, and bone and soft tissue sarcomas as well as o^turnore.^bod^ 
that remain bound to the cell surtace for extended periods or that are internalized very slowly preferred Jheseant- 
bod.es may be polyclonal or preferably, monoclonal, may be intact antibody molecules or fragment^ntajn-ng the 
active birring region of the antibody, e.g.. Fab or F(ab} 2 . and can be produced using tec^es well ^^edj"* 8 
art. See. e.g V DeWeger et al. ImrrU'rtPlQPjcal Rev.. 62: 2945. 1982 (tunxx-specrfx: polydonal 
and used in conjugates): Yeh et aL. Prnc Natl Acad, So. USA, ?«i«SlES £ it teSL 
- (tumor-specific monoclonal antibodies produced): and Mach * aL, m NHM^Qfla|^hod.ffi ter£ancfir 
SfifflBX^W. Baldwin et al.. eds. pp 53-64. Academic Press. 1985 (antibody fragments produced and used tolocatee 
tumoTcells). In addition, rf monoclonal antibodies are used, the antibodies may be of mouse or human origin or chimeric 
antibodies (see. e.a. Oi. Bjoie^hjaoufis, 4:214. 1986). . 

Examples of antibodies whir* may be used to deliver the Hactamase to the tumor site .ncfude. but are not limited 
to 16 anlgG2a monoclonal antibody (hybridoma deposit no ATCC HB8677) that binds to a glycoprotein antigen on 
human lung carcinoma cefte (Heltetrom. et a... Prnc Nat! Acad. SSL USA 83:7059 1986): 96 5 ar •^«""*>"* 
antibody that is specific tor p97. a melanoma-associated antigen (Brown, et al.. J, Immunol - 127:539. 1981). tr-o, an 
fg^rSonalantibody (hybridoma deposit no. ATCC HB9645) that is specific tor the CD-20 antigen on normal and 
neoplastic B cells (Clark et al.. Pnv. Natl. Acad. Sci. USA. 82:1766. 1985). 

An alternative strategy is to use antibodies that internalize, providing that the prodrug can also ,rterr*hze or that 
a sufficient amount of antibody also remains on the surtace of Ihe cell. An example of such antibodies may be found m 

Cancer Research 56:2183 (1990). u.^ r „,„, ir ,„ 

The enzyme component of the immunoconjugate of the invention includes any enzyme capable of hydrolyzuig me 
CO - N bond of a B-lactam. Some of these enzymes are available commercially, such as E. £Qji or B. cereus. p-lactama- 
ses. These and other ^-lactamases may be cloned and expressed using recombinant DNA techniques well known m 



ss the art 
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The B-lactamases of this invasion can be covalentiy bound to antibodies by techniques well known in the art such 
as the use of the heterobifuncSonal crosslink ng reagents SPDP (N-siicdnimidyl-3K2wridy^io)p^ionrte) or 
SMCC (succinimidyl 4-(N-maleir™domethyt) cyclohexane-1 -carboxylate (see e.g.. Thorpe et at. imrnifflffl , 
1 19. 1982: Lambert et at. supxa at p 12038: Rowland et al.. fiUQra. at pp 183-184; Gallego^..-^ at PP^737- 
7138) Alternatively, fusion proteins comprising at least the antigen binding region of an antibody linked tost leasta 
functionally active portion of a p-lactamase can be constructed using recombinant DNA techroques well known in the 
art (see. e.g.. Neuberger et aL. Nature. 312:604. 1984). These fusion proteins act in essentially the same manner as 
the antibody-enzyme conjugates described herein. . 

The prodrugs of the invention contain an antitumor agent linked to a cephalosporin or cephalosporin derivative. The 
antitumor agent is activated or otherwise converted into a more active form upon cleavage of the prodrug with jHacta- 
mase. In the preferred embodiment, the antitumor agent is a nitrogen mustard, as defined above. A representative nitro- 
gen mustard is shown below: 
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Other preferred h r • . j.j ants include adriamycin, which has the general formula: 




and mitomycin C, which has the genera) formula: 



0 




The prodrugs of this invention are not limited to these compounds, and may include other antitumor agents that can 
be derivatized into a prodrug form for use in a cephalosporin conjugate. Such antitumor agents include etoposkJe. ten* 
iposide. daunomycin, car monomycin, aminoptertn, dactinornycin. as -platinum and cis-platinum analogues, bleomycins, 
esperamicins (see U.S. Patent 4,675,187). and 5-fluorouraal 

In one preferred embodiment of this invention, an anthracycBne-cephalosporin prodrug is synthesized by reaction 
of an anthracycline with a eartaxyi protected 3-{(carbonyloxy)methyf]cephem such as the diphertytmethyl esters of 3- 
[[(p-nrtrophenoxy) carbonytoxyjmettiyljcephem and 3<1 ^^.2-tetrachloroethaxy)cartx>rryloxy]meth^ The 
resulting prodrug contains an anthracycline linked to the cephalosporin by the amino group of the former through a car- 
bamate bond. 

In another preferred embodiment of this invention, a cephalosporin mustard is synthesized by reaction of a 3- 
hydroxymethyl cephalosporin salt with an isocyanate. as described in U.S. Patent Nos. 3,355,452, and 3.484,437, and 
Belgian Patent No. 741 ,381 . herein incorporated by reference in their entirety. Such a reaction is also described in detail 
in the examples. 
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More generally, the present invention provides cephalosporin prodrugs of the general formula (0 

ONH r 

. u 

1 1 ■ JL 

cdt>R 

C0 2 H 



(I > 

wherein Q is hydrogen, an amine protecting group conventionally used in cephalosporin synthesis, or the acyl group of 
jZXEZ^Mam^m*^ >- * a direct bond or R is an agem capable of «ertng acyto- 

t^^ectaTtumor ceSswhenre.eased from said cephalosporin-prodrug; n is 2. 3.or 4; and m is 0 or 1 wrth the pro- 
viso that when L is a direct bond, m is 1 ; or a pharmaceuticaly acceptable salt thereof. 

For the purpose of the present invention, the nature of the substtuent Q is not critical as the Mphaksponr . moie* 
serve! as a STof the cytotoxic drug and does not contribute to the therapeutic effects the cytotaoc drua Thus. O 
X^e for example, hydrogen, a protecting group commonly used in c^halosponn^ern^y (X asubsMuert of 
ZLn ce^a^sporin anScs. Examples of the latter include, but are not limited to. P^cetyl. 2-t^enylacetyl. «- 
hXxXnyla^yl. phenylglycy.. p-hydroxyphenylglycyl. and ^^^^jS^S^St not |jmjted 

-Anamino protecting group" of the sort conventionally used in cephalosponn synthesis includes, but is noUmrted 
to k^a^cSor^bsttutSlower alkanoyl. e.g. formyt. acetyl, chtoroacetyl. and trifluoroacetyl; aroyl or subst^ed 
4-methoxybenzoyl. and 4-nttrcbenzoyl; ara.kyl. substituted aralkyl. aralkyHdene. on subsjtuted 
aX°dene. e.g. benzyl, dphenylmethyl. trityl. nitrobenzyt. methoxybenzyl. and benzylidene; halogenated aJkyLag. 
Sromethyl trichtoroethyl. and trifluoromethyl; alkoxycarbony. or substituted a.koxycaroonyl. 
ethoxvrarooTyl t-butoxycaroonyl. cyclohexyloxycarbonyl. and trichloroethoxycarbonyl; aralkoxycarbonyl or substituted 
1£££ZEh^^ and nifrcbenzytoxycarbonyl; an MM or 

suSS^siry.oxycarbSy. or triarylsily.oxycarbonyl; and tria.ky.si.yl or triarylsi.y. groups, e.g. tnmethyte.lyl and 

, " tU CS'l' a known 7-acy.antnocepha.osporin antibiotic- refers to the *^^*™^ 7 ™™*^* 
known^eptelosporin antibiotic and may be represented by the formula R-C(0)-. Examples of R mctude. but are not lim- 
ited ta 



(a) 



G-CH- 
I 

G ' 



wherein G may be a substituted or unsubstrtuted aryl. heterocyclic, or cyclohexadienyl group. e.g. phenyl, thienyl. 
thiazolyl. thiadiazolyl. imidazolyl. pyridyl. tetrazolyl. t .4-cydohexadienyl. and furyt; the sU^sttuer^ the groups 
may be 1 to 3 of the same or different groups selected from halogen, hydroxy. am,no. alkoxy. a^lan^o. 
dialkylairfno. alkanoytoxy. carooxy. nrtro. cyano. and alkoxycarbony!; G' may be hydrogen, hydroxy, amno. 
<nonoalkylamino, dialkylamino. atkanoylamino. alkanoytoxy. cartxscy. and sulfa ; 



(b) 



G-C- 

1 

N-OY 



Wherein G has the same meaning given above and Y is hydrogen (Vealkyl. or C^alkanoyl; 
1 
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(c) G-B-CH r wherein G has the same meaning given above, and B is oxygen or sulfur; and 



(d) 



G-(B) m -CH 2 -C-NH-CH 2 - 
NH 



where G, and B have the meanings given above, and m is 0 or 1. 

Some specific examples of "acyi group of a known 7*cy1aminocephalosporin antibiotic" include 2«amino-2-pheny- 
I acetyl, 2-amino-2-(4-hydroDcy)phenytacetyt. 2-thienylacetyl, phenyiacetyi. 2-hydraxy-2-phenytacetyl . 2-acetaxy -2 -phe- 
nyiacetyi. 1-tetrazolylacetyl. l(2^niino-4-thia20lylKrnethaxyimino)]acetyi. glutarcyi phenoxyacetyl. and {(2- 
furany1)(rnethoxyimino)]acetyl. 

The cytotoxic compound is one having at least one functional group amenable to chemical modification to provide 
the cephalosporin prodrug. Generally such functional groups are selected from amino, carboxyi, and hydroxy! groups 
such that the linkage between the cytotoxic agent and the cephalosporin component is of the carbamate, amide ester, 
and carbonate types. 

A general method for preparing cephalosporincytotODoc prodrugs of the present invention involves first protecting, 
where necessary, any nonreacting reactive groups on the cephalosporin, or the cytotoxic drug or a precursor thereof; 
displacing a leaving group on the cephalosporin, or the cytotoxic drug or a precursor thereof with a nucleophflic group 
on the cytotoxic drug or the cephalosporin; or ackfition of a 3-hydroxym ethyl cephalosporin to a tsocyanate precursor of 
the cytotoxic drug; and finally removing any protecting groups. Nonreacting reactive groups are for example the carbox- 
ytic acid moiety of the cephalosporin or the amino group of mefehalan. Protecting group chemistry is well known in the 
art and documented in textbooks such as Protective Groups in Organic Synthesis. 2d Ed. by Greene and Wuts (John 
Wiley & Sons. Inc. 1991). A precursor of a cytotoxic agent is tor example mitomycin A or N.N-bis(2-chlorc*thy1)-4-tso- 
cyanatobenzeneamine which when reacted with an appropriate cephalosporin provides a cephalosporin-cytotoxic pro- 
drug that releases mitomycin C or N.N-bis(2-chloroethyl)phenylenediamine. respectively, upon hydrolysis with a p- 
lactamase. A leaving group is for example a halogen atom, an ester activating group such as 4-nitrophenyl or 1,2.2,2- 
tetrachloro ethyl, that can be displaced with a nucleophilic group. 

In one aspect, the present invention provides as one subclass of compounds of formula (I) cephalosporin prodrugs 
of the general formula (II) in which the cytotoxic agent is linked to the cephalosporin nucleus via carbamate or amide 
group 



wherein Q. L, and m are as defined under formula (I); and NR a is a nitrogen containing cytotoxic drug; or a pharmaceu- 
hcafly acceptable salt thereof. 

Compounds of formula (II) wherein Lisa direct bond may be prepared by reaction sequences illustrated in Scheme 
I. Thus, a 3 -hydroxy methyl cephalosporin (III), preferably in an alkali metal salt form such as the sodium or potassium 
salt, is reacted with an isocyanato derivative of a cytotoxic agent in the presence of a tertiary amine base in an aprotic 
solvent to afford compounds of formula (V). Alternatively, a carboxyi -protected cephalosporin carbonate of formula (IV) 
is treated with a nitrogen containing cytotoxic agent followed by deprotection of the carboxyi group to provide the 
desired cephalosporin prodrug (V). The cephalosporin carbonate (IV) may. in turn, be prepared from a caiboxyl-pro- 
tected 3-hydroxymethyl cephalosporin upon reaction with a chloroformate. e.g.. 4-nitrophenyl chloroformate and 
1 £2.24etrachloroethyl chloroformate. In Scheme I. Q and NR* have the same meaning as defined under formulas (I) 
and (II). R 1 is an ester activating group, preferably 4-nrtrophenyi, or 1.2.2£4e1racNoroethy1; and R 2 is a carboxyi pro- 
tecting group for example, benzyl, t-butyi. diphenylmethyl. aliyl and the like. The carboxyi protecting group may be 
removed using conventional techniques such as acid catalyzed hydrolysis and reductive palladium catalysis. 
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Scheme I 



(a) R-N=C=0 



CCUH 



(III) 



(b) nr* + d^^r^'V 0Rl 



t IV) 



Compounds of formula (II), wherein L is -S^CH^-and m is 1. may be prepared by a method "alDgow ^toroute 
(b) of Scheme I. The preparation of the cephalosporin reactant (VI) and its ^sequent elaboration to ^eldthe c^a- 
losporin prodrug of formula (VI.) is illustrated in Scheme II. In Scheme II. Q. NR. n. R 1 . and R 2 a. ^ the mean - 
i^as previously defined; X is a halogen atom such as chloro. bromo or ^^^^^^Z^^S 
may bTprepared by reacting a carboxyl protected 3-hatomethyl cephatosproin of formula (VM) «nth a ™rx^toaD«n^ 
^t^ reSa-hyd^B^omethyl cephalosporin is treated with a chton^rmate OOO^. e.g.. 4-nrtrcphe- 
nylchloroformate in the presence of a tertiary amine base to afford the compound of formula (VI). 
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Scheme II 




<vi r > 



Compounds of formula (II), wherein L is -S-(CH2) n -and m is 0. may be prepared by methods illustrated in Scheme 

35 Ml. 
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Scheme III 




(VI n > 



In Scheme III Q N R* n X. R 1 . and R 2 have the same meaning as previously defined. Thus, a nitrogen cantanng 
cytotoxic agent is reacted with a 3-thioakylcarboxvtate substituted cephalosporin derh«tK-e (DQ to torm the resting 
carbaLteprocxuQ of formula (XI). The cephalosporin derivative of tornula (IX) in turn may beobtoned^readw 
thioaJkylcarboxylate. H^CH^CCaR 1 . with a 3-hatomethyl cephalosporin, or by reaction a cartwxyl protected 3-r^om- 
SSSn wfm^atSKoic add followed by activation of the acid moiety. For example. R 1 of corrpound (IX) 
may be sucrinirride or the Qroup -CO2R 1 may represent a mixed anhydride. ^ rfbinMto nn 

Alternatively, the cytotoxic agent may first be derivataed to form the N-1rtoalkytcaibonyl ccmpour^fWT^W 
by reacting NFC with a thioalkytoatboxylate. HSKCH^CC^R 1 Compound (X) is then reactedwrth f^rt^^ected 
3-halomethyl cephalosporin (VIIO to give the desired product. For tho prsparabon of compounds of formula (XI), R may 
be for example succinimide, or -CO? Ft 1 may represent a mixed anhydride). 

' ^r^xic^ug cornponerrtNR" may be a member of the nitrogen mustard family as defined above Parbajariy 
preferred mustards are melphalan and N. N-bis(2<hloroetrryl)-1 ,4-benzenediarr.ne ^ e ^^™™™^ J" 
addition, the cytotoxic drug component NR- may be a member of the anthracyline farn^. I^amplesof ^jfj^f 
include, but are not limited to. adriamycin, daunomycin. carrrtinomycin. and the like m which the linkage to the cepha- 
losporin is via the sugar amino group.-Preferabty. the anthracydine is adriamycin. . _ . . 

The cytotoxic drug component NR" may also be a member of the mitomydn family. Mitomycins are characterized 
by the following general structure: 



t 
J 
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0 



5 




A large number of mitomycin analogs having different substituents on the 7-position have been reported. For the 
purpose of the present invention, the 7-substituent is not critical as the linkage of the mitomycin to the cephalosporin is 
is through the aziridine nitrogen atom. A preferred mitomycin for the prodrug is mitomycin C. i.e.. Y=NH 2 . Other examples 
of mitomycin analogs suitable for the present prodrug may be those disclosed in US. Patents 4.691.023. 4.803.212. 
4,487.769, 4.888.341. and European Published Application 294.828. hereby incorporated by reference. 

In another aspect the present invention provides as a subclass of compounds of formula (I) cephalosporin prod- 

rugs of the general formula (XII) in which the c^otewc^ger^4inked4a the cephalc«pc«in^HK3leus via a carbonate or 

20 an ester group 



25 




30 

(XI I > 



35 wherein Q, L, and m are as previously defined; OR b is a hydroxy containing cytotoxic drug; or a pharmaceutically 
acceptable salt thereof. Compounds of formula (XII) may be prepared according to the general methods described in 
Schemes I to III (with the exception of route (a) in Scheme Q using OR b instead of NR 0 used therein. 

As one example of the present invention, the cytotoxic component OR* is selected from the group of epipodophyi- 
lotoxin antitumor agents having the formula 

40 



45 



so 



55 




wherein 2 is 'the substituent of a known epipodophylfotoxin glucoside, e.g.. alkyt. thienyt, fury!, and phenyl. Particularly 

J 
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^sv^n Z* meth, (etopos»e> - ***** 



referred are eonp^— ^eno,^ ^ 



These compounds may be an* - 
B ^ceoh ato soonn Prodrugs f the formula (X,m 



QNH, 



to 




15 



20 



25 



<xnn 

MMund' or a pharmaceufcsatt* - 
— »nd R=COO is a carbo^ntainino cytoU^cornpound. or 
^hecein Q is as previously defined^and r^COU « a ^^^^ via the car- 

ZHSsssassssssss ssss " — 



QKH J \ _ l. NAHCOi 




<ClCH 2 CH 2 > t N— 8 1 2 ' 



NH 
t-ioC 



30 




Q.H 



'«»-0^ <CH,CHtCl>8 



(XIV> 
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C00H 



<1) 



<2> 




(3) 



tqualton (i> 



Other representative prodrugs for use in the instant invention are depicted in Figure 1. These prodrugs shown in 
Figure 1 may be synthesi2ed in accordance with general procedures described in schemes I through IV. These tech- 
niques are well known by one of ordinary skill in the art. 

Another aspest of the present invention concerns cephalosporin-mitomycin prodrugs having the formula (lla) 



QNH 




C0 2 H CH 3 



IlCa) 



wherin Q and R* are as defined above. Compounds of formula (lla) are prepared by reacting a 3-aminomethyl cepha- 
losporin with mitomycin A or a N 1a -alkyl derivative thereof (N 1a refers to the aziridine nitrogen of mrtomycins). The reac- 
tion is conducted in an organic solvent e.g. ethanol or methanol, at a temperature conducive to product formation, e g. 
at ambient temperature. The reaction is generally completed within 24 hours. Preferably, the reaction is carried out 
under inert atmosphere. The starting material 3-aminomethyl cephalosporin is obtained from the corresponding 3-azi- 
domethyl cephalosporin; both the 3-aminomethyl- and the 3-azidomethyi cephalosporin and methods for their prepara- 
tion are disclosed in Cocker, J.D. et a). J.Chem. Soc .. 1 965. 501 5 at 5027-5029, the relevant portions thereof are hereby 
incorporated by reference. 

It will be appreciated that synthesis of the cephalosporin prodrugs encompassed by the present invention is not lim- 
ited to those procedures and reagents specifically described hereinabove but may be accomplished using other con- 
ventional techniques well known to a chemist skilled in the art of organic synthesis. The selection of protecting groups, 
ester activating groups (and their introduction and removal, if applicable), solvents, and reaction conditions is within the 
knowledge of a synthetic chemist and may be performed without undue experimentation, < 

i 
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The present invention also encompasses pharmaceutical c-.. , . ,,aons and methods ^_ eat,n 9^ ,cerB 
tumors. More particularly, the inverrtioh4ndudesoornposibor«cc^rising cephalosporin prodrugs which areaipaUe of 
being cleaved by antibody-jWactamase conjugates. The prodrugs and enzyme conjugates are used in a method for 

gate or conjugates and a pharmaceutical effective amount of a prodrug or prodrugs. The compositions and methods 
of this invention are useful in treating any mammal, including humans, dogs. cats, and horses 

According to a preferred embodiment the antibody-enzyme conjugate is administered prior to the '"traduction of 
the prodrug into the host Sufficient time should be allowed between the administration of the conjugate and me prodrug 
to allow the antibody of the conjugate to target and localize the enzyme to the tumor site. The time may range from 1 2 
hr to one week depending upon the conjugate used. ^r^^ra*™ 

The conjugates and prodrugs of the invention can be administered using conventional ^^.*?^J*°" 
including, but not limited to. intravenous, intraperitoneal, oral, intrafymphatic. or admnistration directly into the tumor. 
Intravenous administration is preferred. . .. .. 

The compositions of the invention may be in a variety of dosage forms which indude. but are not limrted to. iquid 
solutions or suspensions, tablets, pills, powders, suppositories, polymeric microcapsules or niicroveac^ Ifposomes. 
and injectable or infusible solutions. The preferred form depends upon the mode of adminstraton and me therapeutic 
application. For example, oral administration of the antteody-p-ladamase conjugate may be disfavored because the 
conjugate proteins tend to be degraded in the stomach if taken orally, eg., in tablet form 

-„!»U.«>njugate or prodrugwwpesitioBS also preferably include conventJonal^jharmaceutically acceptable ■earner 
and adjuvants known in the art such as human serum albumin, ion exchangers, alumina, lecrthn. buffer 
such as phosphates, glycine, sorbic acid, potassium sorbate. and salts or electrolytes such as protamine sulfate. 

The most effective mode of administration and dosage regimen for the compositions of this invention depends upon 
the severity and course of the disease, the patient s health and response to treatment and the judgment of the treating 
physician. Accordingly, the dosages of the imrnunoconjugates and prodrugs should be titrated to the mdivdual patent. 
Methods of determining dosages are wen known in the art. , . , 

Nevertheless, an effective dose of the antibody-enzyme conjugate of this invention will be in the range of horn 
about 1.0 to about 1000 mg/M 2 , the dose of the prodrug depending upon the particular prodrug used and the parent 
drug from which ft is derived. Since the prodrug is less cytotoxic than the parent drug, dosages in excess of those rec- 
ognized in the art for the parent drug may be used. ^, u 

In order that the invention described herein may be more fully understood, the following examples are set forth. It 
should be understood that these examples are for illustrative purposes only and are not to be construed as limiting the 
scope of the invention in any manner. 

C. Experimental 

1 . Preparation of Chemical Compounds 
1.1 Preparation of intermediates 

1 H W M^5fg-chloroethylH^ soeya n atnht»rgcriamine- 

N.N^is(2^loroethyl)^HSOcyanatc-benzenarnine (4 g. 16.2 mmol. prepared according to memeftodof Everettet 
al J ChemSoc . 1949 (1972) was dissolved in 80 ml concentrated HQ and cooled in a water bath. Tin chlonde trihy- 
drate (6 g) was added in one portion and the reaction was allowed to stir for 10 min The reaction was removed from 
the cooling bath and stined for an additional 35 min. The tan solid product was collected by suction titration ona ass 
fritted tunnel and washed with 20 ml concentrated HCI. The tan solid was dissolved in 100 ml water and cooled n an 
ice bath. Cold 1 N NaOH was added until the pH of the solution was a The cloudy white solution was exacted with 
150 ml diethyl ether, washed with 80 ml saturated aqueous MaCI. and dried over anhydrous Na z S0 4 . Pyndine (2.7ml) 
was added to the solution containing the drying agent The solution was mixed and immediately filtered through glass 
wool directly into a stirring solution of Phosgene (8.4 ml of 1.93 M in Toluene, Fluka Cham Co) in 50 ml diethyl «*er 
at 2° C. A white solid formed. The reaction was stirred for 60 min at 2* C and then for 1 5 rrin at ambient temperature. 
The reaction was filtered by suction and concentrated in vacuo to give the crude isocyanate (281 g) as a dark green 
viscous oil. The isocyanate prepared in this manner shewed the characteristic stretch in the I R. 

. i o p» te cdHma./h^ m »vm e thyiy B^^ 

A solution of sodium 3-(acetoxymettTyf)-e-oxo-7-<pherTyfe^ 
late (also known as cefaloram) was prepared by dissolving 85 g (20.6 mmol) of this salt in 55 rrd water and 27mlrr*ttv 
an0 l and cooling to -10» C. The pH was adjusted to 11.5-12.0 by* adding 2.0 ml 20% NaOH. men 5 ml 2:1 
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water/methanol. White stfll at -5° C, concw crated H s P0 4 was added dropwise with vigorous stirring until no more pre- 
cipitate formed. The resurting~sotution was poured into 900 ml ethyl acetate and 100 mi water. The mixture was 
extracted and the organic layer dried over anhydrous sodium sulfate. The solution was filtered into a vigorously stirred 

soUsS\.r. c 2 I FtO/.C to v.hifi- h£:: bo-fr. i J e sc^'or. o" 5 c p^e^'j::* ; " !>v h: J r ^;;c:^. ! - The 
5 resulting precipitate was tittered by suction and washed with EtOAc to yield a cream colored solid. The solid was dried- 
for 12 hr at 60° C over P^O s under vacuum to provide 5.63 g of dense yellow, hard solid. 

1.1.3 3-Prooenvi 3-iodomethti-7-cterwtacetamk ^-ax^ 

10 A. Preparatio n of cefaloram 3-prooenvl ester. 

A solution of sodium cefaloram (8.0 g) in 150 ml of water was cooled to 0*C and then acidified to approximately pH 
2 with 1 N HQ. The solid which precipitated was filtered and dried under high vacuum to yield 5.9 g (78%) of the cepha- 
losporin acid. This product (5.86 g. 15.0 mole) was then suspended in 32 ml 53 DMF/diaxane solution, along with 
75 sodium bicarbonate (1.39 g, 16.5 mole) and allyl iodide (2.05 ml. 22.5 mole). The reaction mixture was stirred for 42 
hours and then poured into a mixture of 400 mi ethyl acetate and 75 rrd brine The organic layer was extracted with 3 x 
75 ml of brine. 75 ml of water. 3 x 75 ml of saturated NaHCOa. and 75 ml of water and then dried over Na 2 S0 4 . Removal 
of solvents by rotary evaporation under high vacuum yielded 4.2 g crude product which was purified by flash chroma- 
tography^oaa^a* : 10 cntsifca gel column wiih4kefo! towing hexane/ethytecetate elution gradient (1) 3:1. 1L. (2) 1:1. 
20 1L. and (3) 1 3. 1L Appropriate fractions containing the product were combined, concentrated to dryness by rotary 
evaporation, and dried under high vacuum to yield the desired product (1 .702 g. 26.4%). 
Analysis Calcd. for C^H^OsS • 0.5 HgO: C. 57.39; H. 5.28: N. 6.37. 
Found: C. 57.48; H, 5.10; N. 6.25. 

25 B. 3-Propenvl 3-iodomethvl>7 Dhenv1acetamido-8-oxo-5-thia'1 -a2abicvclof4.2.01oct-2-ene>2-carboxv!ate 

A solution of trimethyteilyt iodide (0.800 ml, 5.6 mmoJe) and 3-propenyt cefaloram (1.20 g, 2.8 mmol) obtained in 
Step (a) was stirred in 30 ml of methylene chloride under nitrogen at room temperature tor 1 hour. An additional 20 ml 
of methylene chloride was added, and then the reaction mixture was extracted with 30 ml of water. 2 X 50 ml of sodium 
30 metabi sulfite, and 30 mt of water. The organic layer was dried over sodium sulfate, and solvents were removed by rotary 
evaporation and drying under high vacuum to provide the title compound (1.10 g, 79%). 

1 H NMR (CDCI 3 ) 6: 7.4-7.1 (m, 5H), 6.1 (d. 1H). 6.1-5.8 (m. 1H). 5.8 (dd, 1H). 5.4-5.2 (m. 2H), 4.9 (d. 1H), 4.72 
(d, 2H), 4.32 (q, 2H). 3.7 and 3.4 (q). 3.6 (d). 

35 1.1.4 3-Propenyl 3-rr(2-hvdrorv)e1hyqthto^ 

boxyMte 

A solution of the 3-iodomethyl cephalosporin allyl ester from Preparation I above (1.10 g. 2.21 mmole). 2-mercap- 
toethano! (0.309 ml, 4.42 mmole), end 2,6-lutidine (0.386 mL 3.32 mmole) was stirred for 1 hour at room temperature 
40 under N2 in 30 ml of methylene chloride After extracting with 4 x 50 ml 0.1 N acetic acid, the organic layer was dried 
and concentrated by rotary evaporation. NMR analysis indicated that all starting material had not been consumed; 
therefore, the residue was redissorved in 30 ml of methylene chloride and retreated with mercaptoethanol (0.150 ml, 
2.20 mmole) and 2,6-lutidine (0.190 ml, 3.30 mmole) under N 2 for 3 days. The reaction mixture was worked up as 
before. Flash chromatography was carried out on a 1" x 3" silica gel column using an ascending gradient of ethyl ace- 
45 tate in hexane (25%-75% ethyl acetate). The product which eluted at an ethyl acetate concentration of 35%-45%. was 
isolated by rotary evaporation and dried under high vacuum. The product weighed 175 mg (18%). 
Analysis Calcd. for CsiH^Os^ • 0.5 H2O: C, 55.1 3; H, 5.51 ; N. 6.12. 
Found: C, 55.44; H. 5.28; N. 6.05. 
FAB MS: MH+ 449; MW observed 448. 
so 1 H NMR (CDCI3) 6: 7.3 (m, 5H), 6.1 (d. 1H), 5.85 (m, 1H), 5.73 (dd, 1H). 5.4-5.2 (m, 2H), 4.9 (d. 1H). 4.64 (d. 

2H), 3.85 and 3.2 (q). 3.6 (d). 2.75-2.5 (m. 2H). 

13 C NMR (CDCI3): 171.0, 164.0. 134.0. 131.0, 129.9, 129.3. 129.1, 127.6. 119.5. 66.7. 61.2. 59.0, 57.9. 435. 
33.9. 32.9. 27.4. 

55 1.1 .5 Diphenvtmethvl 3^(2-hydrcjxv)etrrvmtt 

cartawylate 

Neat 2 -mercaptoethanol (0.69 ml. 10. 1 mmol) Was added to a solution of diphenyimethyl 3-»domethy1-7-pheny1a- 
cetarnido-8-oxo-5-thia-1 -azabicydo(4.2.0]o<rt-2-enef 2-c»rboxyiale (6.0 g. 9.8 mmol) and 2.6-luticfine (1.14 ml. 9.9 
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mtnol) in 50 <n. * a.y dimetnyttormamide stirring at 25*C under N 2 . The reaction was stirred tor 52 hours and then 
ooured into a separatory funnel containing 450 ml of 8:1 EtOAc^t^ and 450 ml of water. The reaction mixture was 
shaken and the water layer discarded. The organic extract was dried over anhydrous NajS0 4 and concentrated m 

desired product as an oft-white solid. ' 

'H NMR (CDCfe) 8: 7.44-7.22 (m. 15H). 6.87 (s. 1H). 6.07 (d. J = 9.2 Hz. 1H). 580 (dd. J - 9.0. 4.9 Hz. 1H). 4.96 
(d. J « 4.8 Hz. 1H). 3.74 (d. J = 4.8 Hz. 1H). 3.62 (m. 2H). 3.56 (m. 2H). 3.S0 (d. J « 4.9 Hz. 1H). 3.7-3.4 (m. 2H. partially 
obscured). 2.50 (m. 2H). 

! , c aw ^ f „ ^ >flmv imtam ^ -7.phP^ acM 

Solid diphenylmethyl 3-n(2-hydroxy)ethy1]-thtomethy^ 
ene-2-cartxJxyfate (1.21 g. 2.10 mmol) was suspended in 4 ml of anisole. Care was taken to ensure al of the sobd was 
wetted with the solvent The flask was cooled in an ice-water oath, and then 1 0 ml (0.13 mmol) of precooted tnfluoro- 
acetic acid (2°C) was added via syringe. The reaction mixture was stirred for 5 minutes, and then the cooing bath was 
removed. The reaction was stirred for 30 minutes (room temperature. 25»C). and then the volataes were rerr^ed on 
high vacuum. Analysis by thin layer chromatography on silica gel showed 3 major products when v^a^edj^erU^ 
after elation with 8:1:0.5 cNoroform:isopropyl alcchohacetic acid. Flash chromatography using 8:0.5:0.5 followed by 
81 • 5 and then 8:2:1 -mixtures of the same solvents as eluents provfoed4he-.& products* The-most poiar ptata£*w»- 
tnturated with diethytether to provide 154 mg (18%) of the desired product as a white solid. The ether washes were col- 
lected and stored in a freezer after concentration to give an oil. 

1H NMR (DMSO-d 6 ) 8: 9.07 (d. J = 8.4 Hz. 1H). 759-7.19 (m. 5H) 5.57 (m. 1H). 3.71-3.2 (m. 8H). 2.5-2.46 (m. 

2H). 

, i t ni P h ft n^m ft mvi3-rt2-cammrvethvnthio ^ ^ 2v)oct-g-gne-2- 
eartaoxvlate 

Neat 3-mercaptopropionic acid (0.93 ml, 10.6 mmol) was added to a solution of diphenylmethyl 3-k>domethyt-7- 
phenylacetemido-8-oxo-5-thia-l azabteyclo[4.2.0]oct-2-ene-2-caiboxy1ate (3.244 g. 5.31 mmol) and 2.6-luWne (1.86 
ml 15 93 mmol) stirring at 25»C in 50 ml of dichloromethane under a nitrogen atmosphere. After stimng tor 24 hours, 
the reaction mixture was poured into 0.5N HCI and extracted with 3 portions of CH 2 Q 2 . The combined organ: ^extracts 
were dried over Na 2 S0 4 . concentrated, and purified by flash chromatography over SiOj using a gradient of 40%- 100% 
EtOAc/Hexane as eluent to provide the desired product as an off-white solid (1 26 g. 41%). 

1 H NMR (CDCI3) 8: 7.4-7.2 (m. 15H). 6.92 (s. 1H). 6.22 (d. J = 10 Hz. 1H). 5.80 (dd. J = 9.3. 4.8 Hz. 1H). 5.00 
(d. J = 5.9 Hz. 1H), 3.65 (m. 2H). 3.56 (ABQ. J = 94.3. 14.0 Hz. 2H). 3.52 (m. 2H). 2.8-2.4 (m, 4H). 

t ls fl. ff 9^,tv W ,^thi 0 iTieth^^ ?,oio<fr2^e-?^f t rt>oxvlic ad d 

Diphenytmelhyl 3-K2-cerbOKyethy0mtometh^ ^H^ 2 ' 
carboxylate (1.01 g. 1.71 mmol) in a 50 mJ round-bottom flask was wetted with 3 ml of anisole. The reaction flask was 
cooled in an ice-water bath and 10 ml (0.13 mmol) of trifluoroacetic acid (precooled to 2»C) was added. After 5 minutes, 
the cooling bath was removed. The reaction mixture was stirred for 35 minutes at ambient temperature. arxJthenthe 
volatiles were removed by high vacuum The remaining yellow solid was dissolved momentarily m 25 ml of dTcWo- 
romethane. and then a white solid precipitated. Filtration by suction and drying under vacuum provided 402 mg (56%) 
of the desired diacid. 

^NMR ( ?DMS0^8: 172.8. 170.9. 164.5. 163.0. 135.8. 128.9. 128.2. 128.1. 126.4. 124.6. 58.8. 57.9. 41.5. 
34.3. 32.3. 26.7. 25.6. 

1 1 Q n- r hgnvlmemvl3-ni4-nrtrophenoxvl-rarbon^ 
rtnfd ? nioct-2^n^2-carboxvtate 

Pyridine (0200 ml. 2.5 mmole) was added to a stimng suspension of d'phenyl methyl 3-hydroxymetriyl-7^enyta- 
cetamido-8-axo-5-thia-1 -azabicycio[4.2.0}oct-2-ene 2-carboxytate (1.030 g. 2.0 mmole) and p^itropheriyl cWorofor- 
mate (444 mg 2.2 mmole) in 20 ml of methylene chloride under N2 at room temperature. After stimng for 75 minutes, 
the solvent was removed by rotary evaporation. Flash chromatography was carried out on a 1 x 5 cm silica gdoolumn 
with an ascending gradient of ethyl acetate in hexane (25%-50% ethyl acetate). On sitting, those fractions which con- 
tained the carbonate product produced crystals, which were filtered, combined, and washed with ethyl acetate/hexane 
(1 :1). The product wa^ dried under high vacuum. Yield of the product was 517 mg (38%). 
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M.P.: 161°-162.5°C. 

Analysis Calcd. for C36H29N3O9S: C. 63.62; H. 4.30; N, 6.18, 
Found: C. 63.35; H; 4.10: N. 6.10. 

fag !/:•.;. : J -c 

5 *H NMR (CDCI3) 6: 8.25 (d. 2H). 7.2-7.4 (m. 17H). 6.9 (s. 1H), 6.0 (d. 1H). 5.87 (dd. 1H), 5.2 and 4.95 (q. 2H). 

4.95 (d. 1H). 3.6 (d. 2H), 3.5 (q. 2H). 

1.1.10 Drphenvimethyj 7H3henvtacetamtio-3^M .2.2.^ 
dof4.2.0toct>2-ene-2«cartx«v1ate 

10 

Dphenytmethyf 3-^iydroxymethyl-7-phenylacetamido-8-oxo 5-thia-1 -azabicydo[4.2.0)oct-2-ene-2-cartx>xylate 
(5.15 g, 0.010 mole) and 1,2^,2-tetrachloroethytehloroformate (1.53 ml, 0.010 mole) were stirred and partially dis- 
solved at 0°C in 125 ml OfeC^ under N 2 Pyridine (0.97 ml, 0.012 mole) was then added slowly whHe maintaining tem- 
perature at 0°C. After the addition was complete, all material dissolved and the reaction mixture was warmed to room 
15 temperature with stirring for 30 minutes. The contents of the reaction vessel were transferred to a separatory funnel and 
the organic layer was extracted twice with 75 ml cold 0.5N HCI and once with 75 ml KfeO. The organic layer was sepa- 
rated and dried over Na 2 S0 4 . This was rotary evaporated to a foam, then dried under high vacuum at 35°C to yield 
7.15g (99%) of the product 

'H-NMR (CDCb): 7.4-72 (m. 15H). 6.90 (s. 1H). 6.60 (3.1H). 5.97 (d. 1H). 6.87 (dd, 1H), 5.1 (m. 2H), 4.93 (cU 

20 1H). 3.62 (dd.2H). 3.45 (dd.2H). 

13 C-NMR (CDCI3): 171.5. 165.3. 160.7. 151.8. 139.2. 139.1. 133.9. 129.7-127-6 (multiple peaks). 124.8. 124.7. 
91.3. 80.3. 68.43. 68.37. 59.4. 57.7. 43.4. 26.4. 
FAB MS: (NOBA + Kl) [M+KT at m/e 763. 

Microanalysis: Calculated for ^^^OjO^S: C. 53.05; H, 3.62; N. 3.87. 
25 Found: C. 52.97; H, 3.47; N, 3.80. 

1 .2 Preparation of Cephalosporin Cytotoxic Agent Prodrugs 

1.2.1 34n4-reis(2-cNoroethd1am^ 
30 cto[4.2.01oct-2-ene-2-carboxvltc acid (hereinafter referred to as CM). 



PhCH 2 C0NH 

"S 

KM— « < CM 2 CH ? C I ) z 




w (XIV) 

A solution of the crude isocyanate prepared above (3.92 g. 0.0151 mo I) in 10 ml of dry DMF dirriethyfforrnamide was 
added to a solution of the cephalosporin potassium salt prepared above (2.65 g. 0.00688 mol) stirring at 25° C under a 

45 nitrogen atmosphere Immediately, triethylamine (2.7 ml. 0.020 mol) was added. The reaction was 6tirred for 26 hr and 
then poured into a mixture of 500 ml 1 :1 EtOAc/water. After shaking, 100 ml diethyl ether was added to the emulsion. 
The organic layer was separated. The aqueous layer was acidified to pH 5 using 1 N HQ and extracted with 200 mJ die- 
thyl ether. The organic extract was separated and the remaining aqueous layer was further acidified to pH 3. The 
organic layer which formed was separated. AO three organic layers were dried separately over anhydrous NazS0 4 and 

so concentrated separated in vacuo. Each fraction was flash chromatographed separately on Baker Octadecyl C 18 using 
20% then 30% then 40% CH 3 CN/water as eluent Eatfi pure fraction was concentrated separately on a rotary evapo- 
rator under vacuum at 30° C until nearly all of the acetonitrile had been removed. The aqueous solutions were filtered 
through glass wool to remove the dark red oily solids which had precipitated. The water was removed on a freeze dryer 
and the remaining slightly yellowish, white fluffy solids were combined and dried for 12 hr in vacuo at 25° C over P 2 O s . 

55 The sDghtty impure, overlap fractions from the chromatography and the previously removed red solids were combined 
and rechromatographed as above to provide additional product after drying in vacua The total yield of product was 280 
mg (9%) of light yellowish, white colored huffy solid. (I R [KBr] 3404 b. 3060. 2958. 1780. 1724. 1666. 1666. 1522. 1392. 

* 658 cm 1 ; FAB/NOBA MKT calcd for CztH^^O^S * 607.1 185. found = 607.1 171 : 1 H NMR [DMSO - d6J 6 13.85 - 

{ 1355 [bs. 1HJ. 9.41 [bs. 1rfl. 9.09 [d, J « 8.2 Hz. 1HJ. 7.30-7.18 (m. 7H). 5.65 [m. 1 HJ. 5.07 (d. J • 4.8 Hr, 1HJ. 5.01 . 
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4.72I2d.J = 12.6Hr,2HJ.3.66[bS.8HJ.3.70-3.44Im.4Hl; 13 CNMRpMSO-d6]1715. 163 .i. i3.9. 1427. 

136.3. 129.4. 128.6. 126.9. 120.6. 112.7. 63.1. 59.2. 57.6. 52.5. 41.6. 41.3. 25.7). 

yiic acid (hereinafter referred to as ADR-ceoh) 




(A) Dtohenylmethyl ester of ADR-ceph 

Adriamyein hydrochloride (116 mg, 02 mmole). the cephalosporin p-nitrophenyl carbonate of Example l .1 .9 (122 
mg, 0. 18 mmole). and triethylamine (33 nl. 0.24 mmole) were stirred in 25 ml of DMF far 45 hours, ^verrtwas removed 
by rotary evaporation. The residue was redissolved in 100 ml ethyl acetate and extracted with ISO ml (0.1%) acetic aaa. 
The aqueous layer was extracted with ethyl acetate, and the combined organic layers were concentrated to dryness Dy 
rotary evaporation. Flash chromatography was carried out on a 0.5" x 6" silica gel column with CH 2 CI 2 followed by 
CHjCla/CHaOH (97:3). The red fractions were combined, concentrated, and rechromatographed as before (0.5 x 3 
column). Appropriate fractions containing the red component were combined, concentrated by rotary evaporation, and 
dried under high vacuum to yield 80 mg (41%) ol the product. 
FAB MS: MH* 1085; M* 1084. 

1 H NMR (selected peaks) 6: 7.9 (m). 7.7 (m). 7.1-7.4 (m). 5.7 (dd). 6.8 (s). 4.0 (d). 12 (d). 

(B) Alternative procedure for the preparation of the diphenylmetnyl ester of ADR-ceph. 

The cephalosporin intermediate of Example 1 .1.10 (72 mg. 0.10 mmole) was dissolved in 2 ™'™ F J*f 
was then added dropwise to a stirring solution of Adriamyein hydrochloride (44 mg. 0.076 mmole) and NaHC03(13 mg. 
0.15mmole)par1iallydissolvedin2mlH 2 0/1 ml THFat room temperature. After 1 hr..TLC and HPLC showed; 
ton to be complete. The contents of the flask were diluted with 25 ml ethyl acetate and extracted once with 25rrt0.i n 
HOAc. The organic layer was concentrated by rotary evaporation, then the residue was purified by flash id -"'"lagm- 
phy on Merck silica gel 60 with the fallowing series of eluams: (1) 200 ml CH^, (2) 100 ml CH^a^tOAc 9:1 . (3)100 
ml CH 2 (VEtOAc 8:2. (4) 100 ml CHzOs/MeOH 982. (5) 100 ml CHzdz/MeOH 96:4. and (6) 100 ml CHjClaWeOH 
92:8. The pure produce fraction was collected during the 2-4% MeOH elution. It was concentrated to dryness byrotary 
evaporation and further dried under high vacuum at 35'C to yield 66 mg (80%) of the Adriamyein carbamate product 

1 H-NMR (CDCI 3 ): 13.95 (s. 1H). 13.18 (s. 1H). 7.99 (d. 1H). 7.75(t. 1H). 7.36 (d. 1H). 7.3 (m. 15H).6.8-1 (s. 1^. 
667 (d. 1H). 5.76 (dd. 1 H). 5.48 (S. 1H). 5.22 (m. 2H). 4.86 (d. 1H). 4.7 (m. 2H). 4.55 (S. 1H). 4.08 (m. 1H). 4.04 (6. 3H). 
3.75 (q. 1H). 3.5 (broads. 3H). 3.3-2.85 (m. 4H). 2.58 (d. 1H). 2.34-2.12 (dd. 2H). 126 (d. 3H> 

13 C-NMR (CDCI3): 186.9. 186.5. 171.3. 1652. 160.9. 160.6. 156.1. 155.5. 154.9. 139.0. 138.9. 135 .7 135.2, 
133.7. 133.5.130.4. 129.3-126.8 (multiple peaks). 124.8. 120.6. 119.7.118.4. 111.4.1112. 100.6. 79.6.69.5.69.0. 
67.2. 65.4. 62.8. 59.1. 57.6. 56-5 47.1. 43.1. 35.5. 33.8. 29.8. 29.6. 26.0. 16.7. 

FAB MS: [M+KT at m/e 1123 

Microanalysis: Calculated for C57H53N3O17S • 5.3H2O: C. 58.04; H. 5.43; N. 3.56. 

Found: C. 57.99:. H. 4.66: N. 3.60. , 

j 
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(C) Preparation of ADR-ceph. 

Trifluoroacetic acid (2.5 mL) was added raokJIy to a stirred, cooled fice/l-^O bath) solution of cTiphenylmethyt ADR- 
cepU ("i.O 5. G.i-i iii:v>ol) ere (2.5 r.._; in meUi/:c:'iv cvj'iuc («C Suiii;**;, v.^o CttfiUiJO'J iJj 1;. 

5 when the solution was poured into a stirred mixture of water containing ice. The pH was rapidly raised to 1-A with the 
addition of less than one equivalent of dilute aqueous NaOH, followed by the addition of dilute aqueous NaHCCb The 
mixture was washed with ethyl acetate. The aqueous layer was filtered through diatomaceous earth. The f State was 
pumped onto a Michel-Miller HPLPLC column (22x300 mm) (purchased from ACE Glass. Column designed by K. H. 
Michel and R. F. Miller, U.S. Patent 4,131 .547) containing Partisil Prep 40 ODS-3 (Whatman Chemical separation, Inc., 

to Clifton, N.J.) which had been previously equilforated with 0.02M ammonium phosphate (pH 6.5) buffer containing 10% 
acetonttrile. The column was eluted with 150 mL of this buffer and then was eluted with a solution of the buffer contain- 
! jng 40% acetonitrile whereupon the title compound rapidly eluted as a discrete red band. The product containing frac- 

tions were combined and were diluted with H 2 0. The aqueous solution was layered with ethyl acetate and the pH was 
lowered to 3.4 with the addition of dilute HCI. The ethyl acetate layer was washed sequentially with HgO. saturated NaCI 

is and then was dried over Na 2 S0 4 . Removal of the ethyl acetate left the title compound (102 mg) as a bright orange solid. 
The pH of the combined aqueous washings was lowered to 2.5 with dilute HO. Reextraction with ethyl acetate as pre- 
viously described afforded an additional crop of the title compound (25 mg). Analytical HPLC showed each fraction to 
have the same area percent purity (>99). 
, _ _r _ HPL<V - (retention time = 8.14 minutes). Waters -CIS radial pak cartridge.-2.0 m\J*om ot 60%pump A^O.OSfVL- 

20 pH 6.5 ammonium phosphate plus 5% CH3CN) and 40% pump B (80% CH3CN-20% H2O). Detect at 254 nm 

1 HNMR: (DMSOde. 300 MHz) S 13.99(1Hs). 13.23 (1H.s). 9.05 (1H,d). 7.90-7.86 (2H.m). 7.60(1H.dd). 7.27- 
7.19 (5H.m) 6.91 (1H.d). 5.60 (1H,dd). 5.42 (1H.S). 5.20 (1H.s). 5.01 (1H.d). 4.88 (3H.m), 4.73 (1H.m). 4.57 (3H,m). 
4.14 (1H,m), .3.95 (3H.s). 3.67 (1H,m). 3.56-3.33 (6H.m), 2.96 (1H,d), 2.87 (1H,d) t 2.18 (1H.d). 2.07 (1H,dd). 1.82 
(1H.m). 1.45 (1H,m), 1.11 (3H,d). 

25 13 C NMR: (DMSO-de. 360 MHz) 8 213.8. 186.6. 186.4, 170.9, 164.7, 162.8. 160.8. 156.1. 155.1. 154.5. 136.2. 

135.8. 135.6, 134.7, 134.1. 129.0, 128.2, 126.4, 126.0, 124.5, 120.1. 119.8. 119.0. 110.8. 110.7. 100.3. 75.0, 69.9. 
68.0, 66.7, 63.7. 62.5, 59.1, 57.4, 56.6, 47.2. 41 .6. 36.7, 32.1, 29.8, 25.4. 17.0. 
Mas Spectrum: (Positive ion FAB. NOBA + Kl) m/z 956 (M+K)*. 

30 1.2.3 4-methoxvbenzvl 7-ohenvtecetarradCh3-r(N-1^^ azabicvclof4.2.01oct 2- 

ene-2-carboxvlate 
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t-BOC 
I 

NH 



OC0-CH-CH 2 -<2>-N<CK 2 CH 2 Cl > 2 
C0 2 CH 2 — ^^-0CH 3 



A suspension of 4-methoxybenzyl 3K*toromethyl-7i5henylacet^ 

45 boxylate (0.946 g, 2.0 mmole) and sodium iodide (1 2.0 g. 8.0 mmol) in 90 ml of acetone was stirred tor 2 hours at room 
temperature Solvent was removed by rotary evaporation. The residue was dissolved in 75 ml of methylene chloride and 
extracted with 3 x 50 ml (5%) of sodium metabisulfite and 50 ml of water. The product was died over Na 2 S0 4 and con- 
centrated to dryness by rotary evaporation to provide the corresponding 3-iodomethyl cephalosporin ester (758 mg, 
67%). This cephalosporin iodide (678 mg, 1.2 mmole) was then stinred in 25 ml of DMF with NaHCC>3 (101 mg. 1.2 

so mmole) and N-t-BOC-melphalan (486 mg. 12 mmole) for 3 hours at room temperature After removal of solvent by 
rotary evaporation, the residue was dissolved in 75 ml of ethyl acetate and extracted with 3 x 50 mt of saturated 
NaHC0 3 and 50 ml of water. The organic layer was dried over Na 2 S0 4 . concentrated by rotary evaporation/and puri- 
fied by 2 flash chromatographic procedures. In the first procedure, elution was carried out on a 2 m x 8" silica gel column 
with CHCVCH3OH (97:3). In the second procedure, the partially purified product was eluted on the same size slica gel 

55 column with CHCI3 (500 ml) followed by CHCVCH3OH (973, 400 ml). Appropriate fractions were combined, and sol- 
vents were partially concentrated by rotary evaporation. Solid was precipitated by the addition of an etherAiexane solu- 
tion. The sofid was fitered and dried under high vacuum. The yield of product was 200 mg (19.5%). 
FAB MS: MH* 855; MW observed 854. * 

J 
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'H NMR (CDCI3) 5: 7.5-7.2 (m). 7.0 «J). 6.9 ;c . c 6 (ci). 6.0 (t), 5.8 <dd). 5.2 (s). 4.9 (d), 4.32 (q). 3.8 (6). 3.8-3.4 
(m).1.4(6). 




g^arbaxvlate 



t-BOC 

PhCH 2 CONH e | 

0C0-CH-CH 2 -<^-N<CH 2 CH 2 Cl > 2 

0 2 CHPh 2 

A suspension of diphenylmelhyi 3 -chlaomethyl-7-phenylaoetarrido-e<^ 

boxyiate (1 .038 fl. 2.0 mmole) atxisodium.iodide(1.20 g.8.0 mo»le}ia£5jal of acetone was stirred for-2 hours at room 
temperature. Solvent was removed by rotary evaporation. Trie residue was dissolved in 75 ml of ethyl acetate and 
extracted with 3 x 75 ml of brine. The product was dried over Na 2 SO< and concentrated to dryness by rotary evapora- 
tion to provide the corresponding 3-odomethyl cephalosporin ester. This cephalosporin iodide (610 mg, 1.0 1 mmole) 
was then stirred in 10 ml of DMF with NaHC0 3 (84 mg. 1.0 mmole) and N-t-BOC-melphalan (405 mg, 1 0 mmole) for 2 
days at room temperature. After removal of solvent by rotary evaporation, the residue was dissolved in 100 ml of ethyl 
acetate and extracted with 3 x 75 ml of saturated NaHCOa and 50 ml of water. The organic layer was dned over 
Na,S0 4 . concentrated by rotary evaporation, and purified by flash chromatography on a 2" x 9' silica i gel Ico 
the following elulion gradient: (1) CHd 3 /CH 3 OH (955. 600 ml). (2) CHCI3/CH3OH (90:10. 40C I ml) and (3) 
CHCI 3 /CH,OH (8020. 600 ml). Appropriate fractions were combined, and solvents were concentrated by rotaryevap- 
oration. Solid was isolated by trituration with hexane. It was fitered and dried under high vacuum. The yield of product 
was 117 mg (13%). 

FAB MS: MW observed 900. 

1 H NMR: 7.5-7.2 (m), 6.9 (d). 6.6 (d). 5.6 (dd), 5.2 (d). 3.7-3.5 (m). 3.15 (q). 1 .4 (s). 

! .2.5. zjbsjayJaralanKlp^^ 



PhCH 2 C0NH. e 




A solution of 3-azidomethy1-7-rjhenylacetamidc^K>xo-5-thia-1-azabicyd aad (100 mg. 

prepared according to Cocker. J.D. et al. J. Cham. Soc.. 1965. 5015 815027-5028) in ethanol (10 mL) ™* 
HCKUIOOpL) was reduced at 35 psi over Pt (20 mg). After 18 h, silica gel TLC with n-BuOH^cOH:H20(4:1 :1) as elu- 
artt indicated formation of a single more polar product that was positive by ninhydrin test tor primary a™e^«sopro- 
pytethyl amine (175 M L) was added and volatile* were removed in vacuo. The residue was suspended in MeOH(10mL) 
and was treated with dSsopropylethyl amine (100 mL) and mitomycin A (70 mg). The dark mixture was^r^unoer 
nitrogen for 18 h. SBica gel TLC with the same solvent system as above indicated completion of the reacbon wtn ine 
formation of a compound more polar than mitomycin A. The dark reaction mixture was adsorbed on to CM 8 W 
(2g) and the dry powder was layered on a C-18 column (1 5 cm x 2.5 cm) equilibrated with water and ©luted wrth water 
(150 mL) and MeOH:Hs>0 (3:7). Fractions containing cephalosporin derivative of mitomycin were combined and evap- 
orated in vacuo to give the title compound as a blue soBd ISO mg). 
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To a greyish blue bo. . : • o the title compound (0.3 mg) in PBS (1 mL) was added BCP II (Bacilus c« eus penicil- 
linase 10 M U protein concentration = 4.1 mg/mL). Immediately the color changed tobiue. Si0 2 TLC with MeOH:CHCI 3 
(15) and n-BuOLAcOHir^O (vide supra) indicated complete conversion to mitomycin C. 

! 2.6 aj n^^jsig^fateBfiltB^^ 
[a ? ny>et-2-fi ne-9-cafbQKvl'C add 



to 



15 



BO,CCCH a ),CONH, 
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45 



SO 




IH _C^-II(CH 1 CI,C1), 



7-auteroylarrino-3-hydroxymeto^^ 

3 912 589) is converted to the corresponding bistriethyl ammonium salt by dissolving fte aodi, 0.1 M EtgNHOAc (4 
mL) and appliying the solution to a column of C-1-8 (U>0 a 24 on x 3 cm^equitoiatad wrth the same buffer. The column 
is eluted with 0.1M EtgNHOAc under nitrogen pressure, and fractions containing the desired salt are combined and 
evaporated in vacuo to give the bistriethylammonium salt of 7-glularoylarnirx>-34iydroxymethy1-e-«o-5-1hia-1-azabi- 
cyfof.4 2 0]oct-2-ene-2-carboxylic acid as a pale yellow gum after drying over PzOs under vacuum. This material was 

used as is for subsequent coupling with isocyanate from phenyienediamine mustard. 

To a magnetically stirred green suspension of phenyienediamine mustard hydrochloride (969 mg. 3.6 mmol) in 
absolute THF (40 mL) under N 2 at 0' C was added cSisopropylerhyl amine (DIEA, 630 nL 3.6 mmol). After 10 rmn. a 
Son Jphosgene in toluene (1.9M. 1 .95 mL) was added drcpwise. After t h at 0- C. SiO, TLC with EtOAcrhexane 
( 1 -4) indicated completion of the reaction with the formation of the isocyanate as the major less polar product 

To a solutoTofthe bistriethylammonium salt of 2 (1 .64 g) in anhydrous DMF (10 mL) at 0- C under N 2 was added 
DIEA M 6 mU After 5 min. the ice cold solution of the isocyante (vide supra) was canulated in a thin stream into the 
DMF solution The orange solution was stirred at C~ C for 3 h. The apparent pH of the reaction mixture was 5 and no 
more conversion took place by silica gel TLC (multiple developments with CHa 3 :MeOH:AcOH - 89:10:1). Therein 
mixture was diluted with acetonitrile (30 mL). Added 10 g of C-18 silica gel. Volatiles were removed in vacuo. The resi- 
due was applied to a C-18 column (12 x 2 cm) and eluted with 30%. 40%. and 50% acetonitrile in 1% acet.c acid in 
water Fractions containing the desired compound were combined and evaporated in vacuo to give yellow^ gum 
( 500 ma) Addition of EtOAc (6 mL) to this material resulted in the formation of a yellow solution from which toe Me 
SrpoSd crystallized out as a white fluffy solid (350 mg). High resolution MS: M* = 602.1022 (observed). 602.1005 

(calculated)^ 8.83 (d. 1H. NH. J =9 Hz). 7.26 (d. 2H. Ar-H. J = 9 Hz). 6.68 (d. 2H Ar-H. J 

- 9 Hz) 5 66 (do. 2H. 7+L J = 6 Hz and J = 9 Hz). 5.10 (d. 1 H 6-H-J = 6 Hz). 4.87 (dd. 2H. S-Cf^O-. J = 12 Hz). 3.67 
(s. 8H. (NCHjCHaCDz). 3.58 (dd. 2H. 2-H. J - 18 Hz). 2.21 (m. 4H.2 1 and 4 -H). 1.71 (m. 2H. 3'-H). 

2. Biological Evaluation 
2.1 Preparation of Materials 

2.1.1 Purification a nd properties of B. cereus B-lactamase 

Commercially available E_. coH and ft cereus p-lactamases were contaminated with other proteins, thus resulting in 
low specific activities. Analysis of the B, cereus p-lactamase (Sigma Chemical Co.) by SDS-PAQE indicated the pres- 
enceof a major band at 30 KD and a minor band at 25 KD. Partial separation of the two proteins was achieved by cation 
exchange chromatography. 

Analysis of their activities using toe cephalosporin-mustard as a substrate indicated that the minor constituent at 
25 KD was responsible tor the hydrolysis reaction. The proteins were separated in a manner similar that described by 
Davies. et al. BinchemJ . 143:115-127. 1974. that involves first heat denaturation followed by chromatography on a 
55 Mono S cation exchange column (Pharmacia). . u . _ 

The 25 KD enzyme was highly purified as indicated by SDS-PAQE. EDTA (2.5 mM) completely inhibited toe 
enzyme activity using CM as a substrata These results are consistent with the classification of the erizyme as afi. 
Cfiia P-lactamase (II). See Bush, Anti-^nhiai Anents Chemother. 33259. 1989. fi. GfiCOfi p-lactamase hydroryzed 

j 
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• J.M with a Km of 25 jiM and a Vmax of 250 pmoi min 1 rng V At a conception of 1 .4 M gm1. purified B- CfiTOS Hacta- 
^e(M) nhanced Ihe cytotoxic activity of CM to the level observed for PDM (Figure 5). 



A solution of monodoral antibody L6 (1-10 mg/m.) in phosphate buffered saline (PB&pH ™> ^ "f**^ 
0.015 STin SMCC (Pierce Chemical Co.. 3 mM in DMF). After 30 nun the solution was applied to a G-25 Sephadex 



C °T^?^^se (S^S Chemical Co.) at 4- Gin lOmM phosphate/ 200 mM Nad. pH 7.5(1-10 m^)was 
-.^fS^Wn^e fPiereeCherncal Co 16 5 mM in 0.5 M sodium borate, pH 8.5) so that the final immothwlane 
^r^oTTT^^o^^ to proceed at 4- C for 90 min. and the protein was purified as 

*^e two chemically nxxiified^^ 

wereUod^dbyadd.ng 2-aminoeknethiol (0.01-1 mM final concentration) followed 10 mm later by N-^ytij^mde 
o7i^ce^3e1o.of-1 .1mMW concentration). The conjugates were purified in a two ^ge p^urejnvoK^g 
or ioooaceiam>uevu Seohacryf column (Pharmacia: PBS as eluant) and then ion exchange 

conjugate (1 :1 Mab/p-tectamase ratio) in this procedure ranged from 15-30%. 
2 2 F nmn n tin hydmlyss "f cenhaiosnorin-cviotnwc prodrug. 

2.2.1 H y rirnlvsis of fiM hy B-Lactamase 

Several commercially available p-lactamases were screened for activity using the cephalosporin J™**^™' 
CM ^ThfabXTthese derivatives to hydrolyze CM was monitored by HPLC or by UVAns spectrophotometry 
aniS. JS£ *Z££Z*m of & *Z lactamase (Sigma Chem. Co, and I * 

M^nhLiBtochemicaJs)^ e ,. 

£ cI^r^f50^M)1n PBS atsrc was added the commercially available samples of & COflUfi or E. coll 
To solutwns of CM ^^^J™^™^ quenche d by addition to methanol (100 ul) at 4- C. and pr - 

SS^t^ 

chase C-18 column (4.6 X 250 mm) and the following gradient condifions: 50-100% buffer A to b ^ r * * * 

□ 08% aqueoS rf.ethy.amine buffered to pH 2.3 with phosphoric acid; buffer B is 90% acetomtn.e. 10% buffer A ) over 
1 5 min at 1 ml/min. Fractions were monitored at 266 nm. 

2.2.2 Hyri^ yfe 01 a P&Capb hv H artamase and I B-IVLaCtaiTWSP Cflnjugatfl 

The ability of the purified B-bctamase from B^asjfi and the lactamase-L6 conjugate to catalyze the release of 

uJSSSSitS^ were added to solutions of ADR-ceph in ^^^^eSS^s^S- 
conoerrtration of ADR-ceph was 572 ug/ml in the lactamase experiment and 896 Mgfrnl m *e j^acten^ expen 
the fha , concentrations of p-toctamase and LWadamase conjugate were 0.45 ng/mt and 5>Wml. respec- 
Zt C^e^^ Sno^cally and were added to two volumes of coU methanol (4'C). T^«p,tated 
S» removed by cemrTgation. Tne supernatant* were analyzed by HPLC ^^S^ 
riadial Pak cartridge (8x100 mm). The column was ekned at 2.0 mUmm with a mobile phase <*J^*^^ "™ 
n^ phoSSpH 6.5) containing 5% acetoritri.e and 40% of a mixture of acetonrtnle^ater (802 ^J***™* 
SSSol^ at 254 nm. in these assays the respective retention times for adriamyan and ADR-ceph were 3.8 and 



r"*!^ ^ ^ HPLC peak areas of ADR-ceph and adriamycin plotted against time when ADR-ceph was 
expend* flSnaS and it demonstrates that ADR-ceph b efficiently hydrolyzed with ^rfiufi f«"""^ 
frSTh mTraoid release of adriamycin. Similarly. Figure 8 shows that the lactamase-^ conjugate also efficiently 
e^acSmyct^m ADR^with a half life of 1 5 minutes at me concentn^sof P^^^^T^t 
reieas» selected p-lactamases for ADR-ceph were examined. These enzymes were &. ESrfiUS. p 

^^^^^Hr^mes were diluted togive protein concentrations of 0.20 ± 0.01 mg/hH (with respect to Hacta- 
nefA^we^^^^Cc^etricaily to 0.05 M phosphate buffer. pH 7.0. a, 25»C. Cephatoriolne was 

r^era^^e^^ 

iboft ce^oSine and ADR-ceph. The lactamase conjugate was slightly more active than the B^oeus IWada- 
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mase alone, perftaps because the latter enzyme had to be diluted for assay purposes, thereby entertaining t k arrsji- 
bility for loss of activity in dilute solution. The Sigma "penicillinase" had the lowest activity of all the preparations. This 
enzyme had the same isoelectric point as the P99 enzyme, suggesting that the two enzymes are the same. The differ- 

Kinetic parameters were determined tor the L6-lactamase conjugate and the P99 cephalosporinase, and are given 
in Table II. Vmax was 3.5 times higher for the P99 enzyme However, because the P99 enzyme had a higher Km value, 
the hydrolysis efficiency (Vmas/Km) of the two enzymes differed only two-fold. The two enzymes, therefore, are very 
simftar in their hydrolytic properties. 
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TABLE 1 



Hydrolysis of cephalosporin substrates by p-lactamases. 


Enzyme 


Substrate (I00^g/ml) 


umoles/min/fig protein 


B. cereus 6-1 acta mase 


CephaJordtne 


0.038 




ADR-ceph 


0.016 


l fi-lAetamase (B. cereus) coniuaate 


Cephaloridine 


0.045 




ADRrceph — 




Sigma penicillinase from E. doacae 


Cephaloridine 


0.026 




ADR-ceph 


0.0030 


POQ rephalnsporinase from E. cloacae 


Cephaloridine 


0.30 




ADR-ceph 


0.060 



TABLE 2 
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Hydrolysis parameters for ADR-ceph 


Enzyme 


KmfjiM) 


Vmax 
fimoles/min/ug 
protein 


Vmax/ Km 
pmoles/min/Mg 
pro/mM S 


L64actamase (B. cereus) coniuaate 


120 


0.047 


0.4O 


P99 


200 


0.164 


0.82 
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9 a frUHinrml Bioloflical Evaluations 

45 2.3. 1 In vitro cytotoxicity of CM with lactamase 

The cytotoxic effects of CM and PDM were monitored using a human lung adenocarcinoma cell line, H2981. The 
cells were plated fin Iscove* mcxfified Dufbecco's medium with 15% fetal calf serum flMDMJ) into 96 well microliter 
plates at 8000 cells/wen in 100 \x\ IMDM and allowed to adhere overnight at 37° C. The enzymes in 50 ul IMDM followed - 

so by the drugs PDM or CM in 50 \x\ IMDM were added to the weOs so that the final enzyme concentration was 3 ug crude 
enzyme/ml or 1.4 pure enzyme/mi. After one hr. the cells were washed 3 times with IMDM, 200 ul of IMDM was 
added to each well, and the incubation was continued 17 hr at 37° C. the medium was removed and 200 uJ of IMDM 
containing [ 3 H] thymidine (1 nOAwell) was added, and after 6 hr the cells were frozen to -70° C. thawed, and harvested 
onto glass ffoer discs. The cytotoxic effects were determined by measuring the amount of 3 H-thymidine incorporated 

55 into DNA versus an untreated control. 

CM (ICso approximately 100 pM) was much less cytotoxic than PDM (IC50 approximately 1 pM) (Figure 4). The p- 
lactamases from fi. cereus and from £. coli enhanced the activity of CM 50-100 fold. This is most likely due to the 
hydrolysis of CM by the enzymes, and the subsequent release of PDM. 1 
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? «, ? , n ^ ryfttmricitv of CM with L6-6-taCtamase gsjuBSSa 

The cytotoxic effects of CM administered with the arrtixxfy-B-tactamase coniupate were monitored as described 

fl-iactamase conjugate for 1 hr at 37» C in IMDM containing 15% fetal bovine serum, washed twice, and men treated 
wS^TaTdSS in Example 2.3.1 above. Cells treated with CM or PDM as described in Example ".Iwereused 
afco^te.^ToaS. showZngure 6. demonstrate the enhanced cytotoxic effect of admimstenng the CM w* the 
antibody-p- lactamase conjugate. 

2.3.3 | n yjyn etabilif y and toxicitv of CM 

The stability of CM and PDM in mouse plasma at 37- C was determined by HPLC quantification of their consump- 
tion ?dmTcM(0.5 mM) in mouse plasma or IMDM cell growth medium was incited at 37- OqunM a ndana- 
rX H?LC as described above. PDM (t 1/2 - 20 min) was significantly 

reason after 150 min). A 10-feld difference in stability was observed in the media used tor bssue culture (t 1/2 forPDM 

JESKS^ 

spaced %Thr apart and the treatment was repeated after 1 week Under these ™^°^™™^*J* 
SnS^n ar^ne maximum tolerated was approximately 33 uajniecbon. No ^ST^xk^ 
as high as 900 ,ig/injection. On a molar basis this represented greater than an 1 1 -told difference in toxicity. 

2.3.4 fftnhjiay of ADR-ceoh 

Using the same HPLC assay described in Example Z22 the respective half lives at 37»C of ADR-cephin rat 
nlasma buffer at pH 7.4. and human plasma are 8. 20 and 8 12 hours (Figure 9). 

™us novel cephalosporin prodrugs and methods for their use have been disclosed. Although tne preferred 
ent^lmerStt^sub^Ln have been desotoed in some detail, ^r^^^a^ 
be made without departing from the spirit and the scope of the invention as defined by the appended daims. 



so Claims 

1. A cephalosporin-cytotoxic prodrug having the formula 

ONH 



40 




0 



wherein 



50 



Q is hydrogen, an amine protecting group conventionally used in cephalosporin synthesis, or the aeyl gron> 
of a known 7-acylaminocephalosporin antibiotic; 
Lis-S-(CH 2 ) n -: 
n - 2,3 or 4; 

R te NR" or OR", wherein NR« is a nitrogen containing cytotoxic drug or a pharmaceutical^ acceptabte salt 
thereof and wherein OR b is a hydroxy containing cytotoxic drug or a pharmaceutically acceptable salt there* 

The cephalosporin-cytotoxic prodrug of daim 1 wherein NR* is a nitrogen muslard. an anthracydine or a mtomy- 

CHI. 

3. The c^losporin^ytotoxic prodrug of claim 2 wherein NR' is meJphalan or N,N-bis(2^oroethyf).1 ,4-ben*ene- 
diamine. 

4. Trie cepha!osporin<ytotODdc prodrug of claim 2 wherein NR* is adriamycin. daunomyctnor cwrnhomych. prefer- 
ably adriamycin. ^ 



2. 
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5. The cephalosporin-cytotoxic prodrug of daim 2 wn* v ■ is mitomycin C. 

6. The cephalosporin-cytotoxic prodrug as daimed in any one c* the preceding daims, wherein Q is phenytacetyi or 

5 

7. A cephalosporin-cytotoxic prodrug as daimed in any one of the preceding daims for use as an anti-cancer agent. 

8. A pharmaceutical formulation which comprises as an active ingredient a cephalosporin-cytotoxic prodrug as 
daimed in any one of daims 1 to 6 associated with one or more pharmaceuticaiy acceptable carriers, excipients 

w of diluents therefor. 

9. A process for preparing a cephalosporin-cytotoxic prodrug as daimed in any one of daims 1 to 6 which comprises 

a) protecting, if necessary, any nonreacting reactive groups on the cephalosporin, or the cytotoxic drug or a 
15 precursor thereof; 

b) displacing a leaving group on the cephalosporin, or the cytotoxic drug or a precursor thereof with a nude- 
ophilic group on the cytotoxic drug or the cephalosporin; 

c) removing any protecting groups. 

so 10. A method for the delivery of a cytotoxic agent to tumor cdls in vitro con^rising: 

administering a pharmaceutically effective amount of at least one antibody-p-lactamase conjugate wherein 
said antibody is reactive with an antigen on the surface of said tumor cells; and 

administering a pharmaceutically effective amount of a cephalosporin cytotoxic prodrug of any of dams 1 to 6. 

2S 

whereby said cytotoxic agent is delivered to said tumor cell. 

11. The method of daim 10. wherein said antibody is selected from the group consisting of pdydonal. monodonal. or 
chimeric antibodies. 

30 

1 2. Use of a pharmaceutically effective amount of a cephalosporin-cytotoxic prodrug of any of claims 1 to 6 for the man- 
ufacture of a medicament or pharmaceutical composition for the delivery of a cytotoxic agent to tumor cells. 
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